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extended lymph node dissection has been traditional in Japan, and critical studies from several Western countries suggest that there are improved surgical results after extended lymph node dissection. Therefore, it is important to evaluate the current information on the clinical and pathological characteristics of, and the surgical results for gastric cancer worldwide.
To demonstrate recent experience of gastric cancer surgery throughout the world and to evaluate modern strategies for the treatment of gastric cancer, we investigated the English-language literature of the past 10 years, reviewed more than 100 studies concerning controversial issues in gastric cancer treatment, and assessed the current status of gastric cancer surgery worldwide. This review was generally based on promising papers published in well known medical journals, and focused on the following items: (1) surgical results worldwide, (2) lymph node metastasis, (3) lymph node dissection, (4) splenectomy, (5) prognostic factors, and (6) new therapeutic trends.
Surgical results worldwide
The review of English-language publications from 1970 to 1990 showed that the operative mortality rate following surgery for gastric cancer had declined to a mean of 8% and a median of 5% [1] . In the British hospital, operative mortality decreased from 15% to 7%, and the 5-year survival rate increased from 5% to 11% [2] . In another British hospital, the proportion of patients with early gastric cancer rose from 1% to 15%, that of stage I disease rose from 4% to 26%, and that of potentially curative resection rose from 31% to 53% [3] . After curative resection, the 5-year survival rate was 60%, and the operative mortality and morbidity rates were 6% and 17%, respectively.
In Sweden, the 5-year surival rate after gastrectomy for cancer increased from 19% to 25%, mainly owing to
Introduction
Recently, the characteristics of gastric cancer have become more clearly understood, and the treatment strategies for gastric cancer have been changing. There are decreasing numbers of deaths from gastric cancer, the increasing detection of early gastric cancer or proximal gastric cancer, and the introduction of several new therapeutic tools. Although randomized controlled trials in Europe showed no survival benefit of D2 resection over D1 resection, radical gastrectomy and improved surgical and postoperative management [4] . Although the proportion of radical total gastrectomy increased from 36% to 50%, the postoperative mortality decreased from 11% to 4%, and the 5-year survival rate increased from 25% to 36%. It was demonstrated that the time period during which the diagnosis was made independently influenced the survival rate [5] .
In a French study, the use of endoscopy increased from 3% to 77%, and the proportion of curative resections increased from 38% to 50% [6] . The operative mortality rate decreased from 26% to 14%, and the 5-year survival rate increased from 13% to 26%. In a recent Turkish study, the morbidity, mortality, and 5-year survival rates after D2 gastrectomy were 28%, 4%, and 39%, respectively [7] . Thus, the detection of gastric cancer at an earlier stage and curative gastrectomy followed by careful postoperative management resulted in improved surgical outcome in several countries other than Japan.
However, studies from the United States show unchanged mortality and survival rates. A study by the American College of Surgeons indicated that the location of the lesion was the upper-third or entire stomach in 41% of the patients, and the stage of disease was III or IV in 67% of the patients [8] . The operative mortality rate was 7%, and the 5-year survival rates after all gastrectomies and margin-free gastrectomies were 19% and 35%, respectively. Some American surgeons, in a review, concluded that gastric cancer remained a disease with a dismal prognosis and that radical gastrectomy with lymph node dissection was not generally acceptable because of increased morbidity and mortality [9] .
Recent clinical trials in Europe have demonstrated that morbidity, mortality, and 5-year survival rate after gastrectomy for cancer were 25%-46%, 4%-13%, and 33%-35%, respectively [10] [11] [12] [13] . The high morbidity and mortality rates after radical gastrectomy were thought to be caused by the higher age of the Western patients, the frequent presence of preexisting cardiopulmonary diseases, the variations in experiences in gastric cancer surgery, and the different ways of managing the postoperative complications [10, 11] .
The better surgical results in Japan mostly reflect a higher rate of detection of asymptomatic or early-stage gastric cancer [14] [15] [16] ; and survival rates, comparing the same stage, are higher in Japan than in other countries. It is considered that this survival difference results from differences in the location of tumors and in pathological staging systems, the stage migration phenomenon, and differences in the level of lymph node dissection [17, 18] . A review of the Japanese experience of radical gastrectomy shows that the survival differences between Japan and the United States or Europe are due mainly to a greater frequency of early gastric cancer; meticulous histopathologic evaluation of the surgical specimens, which results in more accurate pathologic staging; and the presumed benefit of extended lymph node dissection in Japan [19] .
Lymph node metastasis
Although lymph-node staging of gastric cancer has been based principally on the anatomical distribution of lymph node metastasis [20] , quantitative evaluation of lymph node metastasis has been advocated since 1990. Okusa et al. [21] showed that the number of lymph node metastases and the proportion of dissected lymph nodes showing metastases were closely related to the 5-year survival rate (none, 81%; 1-3 nodes, 63%; 4-6 nodes, 47%; Ն7 nodes, 29%; 1%-25%, 66%; 25%-50%, 30%; Ն50%, 23%). Makino et al. [22] indicated that the number of metastatic nodes was associated with 5-year survival rate (none, 89%; 1-3 nodes, 77%; 4-6 nodes, 58%; Ն7 nodes, 36%). In a multivariate analysis, the number of positive nodes was an independent prognostic factor (Յ3 vs Ն4 nodes [23] [24] [25] [26] , Յ4 vs Ն5 nodes [27] , Յ6 vs Ն7 nodes [28, 29] ).
In 1997, the American Joint Committee on Cancer (AJCC)/International Union against Cancer (UICC) adopted the number of involved nodes as lymph node staging for the TNM classification of gastric cancer (N1, 1-6 nodes; N2, 7-14 nodes; N3, Ն15 nodes), and recent studies confirmed the prognostic significance of the number of involved nodes [30, 31] . When the numberbased staging system was compared with the levelbased staging system, the former was superior to the latter in a multivariate prognostic study [32] [33] [34] [35] .
Here, we must emphasize that this number-based staging of lymph nodes is suitable only when a meticulous examination of harvested lymph nodes is accomplished. Fifteen or more lymph nodes are needed for an accurate number-based staging of lymph node metastasis. Furthermore, operative curability or radicality with reference to lymph node dissection cannot be judged by the number-based staging system. The extent of lymph node metastasis must be determined by the anatomical distribution of involved lymph nodes, and the completeness of lymph node dissection should be evaluated by the anatomical level of the removed lymph nodes.
Several authors found that the number of positive perigastric lymph nodes was useful for predicting the survival of patients with gastric cancer [36, 37] . Because the number of perigastric lymph nodes can be used in the same way for patients who underwent limited dissection (D1) and those who underwent extended dissection (D2, D3), this parameter will contribute to the comparison of surgical results among various hospitals or countries throughout the world.
Micrometastasis is a recent topic in the study of gastric cancer. Even when a routine histologic examination shows no lymph node metastasis, studies by immunohistochemistry or molecular biology often detect micrometastases in the regional lymph nodes [38] [39] [40] [41] [42] [43] [44] . The proportion of patients with immunohistochemically node-positive gastric cancer was 19% in mucosal cancer [40] , 34% in submucosal cancer [41] , and 43% in histologically node-negative gastric cancer [42] . When 24 patients who died of recurrence after operation for histologically node-negative early gastric cancer were examined, 8 (24%) had presented with cytokeratinpositive cells in the regional lymph nodes [43] . Although some studies suggest the prognostic importance of micrometastasis in the lymph nodes of gastric cancer [42, 43] , at present, the biologic behavior and clinical implications of micrometastases are unclear [44, 45] .
Lymph node dissection
In Japan, radical gastrectomy with extended lymph node dissection (D2, D3) has been a standard operation for gastric cancer, and systematic lymph node dissection [46] or more aggressive lymph node dissection [47] has been recommended. Morbidity after radical gastrectomy is acceptable, and the operative mortality rate is less than 3%, even when the operations are performed by a junior trainee in a non-specialized hospital [48] . However, the proportion of operations for radical gastrectomy is less than 10% in the United States, and only a small group of Western surgeons are eager to use extended lymph node dissection. Whether radical gastrectomy with extended lymph node dissection is useful for patients with gastric cancer must be evaluated with respect to the survival rate and morbidity or mortality rate after the operation.
In a German multicenter study, when radical lymphadenectomy (Ն26 dissected nodes; n ϭ 1096) was compared with standard lymphadenectomy (Յ25 dissected nodes; n ϭ 558), morbidity and mortality rates were not different (31% vs 29%; 5% vs 5%), but the 5-year survival rates for stages II and IIIa were different (55% vs 27%; 38% vs 25%) [49] . The frequent occurrence of nodal microinvolvement in pN0 cases and a low operative mortality (Ͻ1%) also supported the routine use of D2 lymph node dissection [50, 51] .
In Italy, when extensive lymph node dissection (D2, D3; n ϭ 157) was compared with limited lymph node dissection (D1; n ϭ 163), morbidity and mortality rates were not different (22% vs 28%; 4% vs 7%), but the 5-year survival rate after curative gastrectomy was different (65% vs 50%) [52] . Multivariate analysis revealed that the extent of lymph node dissection (D1 vs D2 vs D4) independently affected the survival [25] .
Findings in studies from the United States are controversial. Extended resection (D2, D2.5; n ϭ 46) and limited resection (D1, D1.5; n ϭ 55) showed different 5-year survival rates (35% vs 27%) and median survival periods (50 months vs 26 months) [53] , whereas D2 (n ϭ 683), D1 (n ϭ 1500), and D0 (n ϭ 666) dissections had similar 5-year survival rates (26% vs 30% vs 36%) and median survival periods (20 months vs 25 months vs 30 months) [54] .
In Japan, Otsuji et al. [55] showed that the time period during which gastrectomy was performed was an independent prognostic indicator, and they suggested that recent advances in surgical approaches had resulted in improved survival. In patients with nodepositive gastric cancer, however, the 10-year survival rate after curative gastrectomy was not significantly different between D2 and D3 dissections (n1, 66% vs 58%; n2, 28% vs 31%) [56] . These studies are retrospective and cannot avoid a selection bias in the evaluation of surgical outcome. Even if the controls are matched to the cases and survival rates are compared in patients in the same stages, there is a stage migration phenomenon, or Will Rogers effect as a source of misleading statistics for survival [57] [58] [59] [60] .
Recently, randomized controlled trials comparing D2 dissection with D1 dissection have been performed in Europe [10] [11] [12] [13] . The short-term results in 996 Dutch patients showed that D2 patients had higher operative mortality and morbidity than D1 patients (10% vs 4%; 43% vs 25%) [10] ; the short-term results in 400 British patients showed that D2 resections had higher operative mortality and morbidity than D1 resections (13% vs 7%; 46% vs 28%) [11] . Long-term results indicated that the 5-year survival rates in the Dutch trial were similar in the D1 and D2 groups (34% vs 33%) [12] , and the 5-year survival rates in the British trial were not different between D1 and D2 resections (35% vs 33%) [13] . These trials concluded that D2 dissection should not be used as standard treatment for Western patients with gastric cancer.
Other randomized controlled trials have evaluated several operative procedures for gastric cancer (Table  1) . Robertson et al. [61] examined D1 subtotal (n ϭ 25) and D3 total (n ϭ 30) gastrectomies and showed that the D3 group had a longer operating time, a greater volume of blood transfusion, a longer hospital stay, a higher morbidity, and a shorter survival time. Bozzetti et al. [62, 63] investigated subtotal (n ϭ 320) and total (n ϭ 304) gastrectomies and showed similar morbidity rates (9% vs 13%) and 5-year survival rates (65% vs 62%).
These surgical trials have several problems. In the Dutch multicenter trial, 331 curative D2 gastrectomies were performed by 85 surgeons over a period of 4 years. This means that every surgeon did only one curative D2 gastrectomy per year on average [64] . It is well known that the learning curve for gastric cancer surgery does not reach a plateau until 30 or more operations are achieved independently [65] . When the strategy for gastric cancer surgery is converted from D1 to D2 gastrectomy, it takes more than 10 years to get the operative mortality rate down to less than 5% [3, 64] . Furthermore, the number and location of dissected lymph nodes were not given in the above reports of randomized controlled trials [10] [11] [12] [13] . The quality control of surgical procedures in the Dutch randomized trial of D1 and D2 gastrectomies was somewhat questionable [66] , and a high rate of protocol deviations may also have reduced the ability to detect differences between the two treatments [67] . Thus, it has been proved that randomized controlled trials comparing different surgical techniques are difficult in the clinical setting.
Therefore, the results of these surgical trials must be interpreted with caution and cannot be extrapolated to Japanese patients. Although a randomized controlled trial comparing D1 and D2 gastrectomies is considered to be ethically unacceptable in Japan, we must clarify the survival benefits of extended lymph node dissection (D2, D3) in a prospective study based on Japanese patients and surgeons. Because the morbidity and mortality after radical gastrectomy in Japan (D2, D3) [68, 69] are much less than those after less aggressive gastrectomy in the Western surgical trials (D1, D2), it seems appropriate that D2 gastrectomy should not be abandoned as standard treatment for gastric cancer in Japan.
Splenectomy
Brady et al. [70] studied 392 patients who underwent curative resection of gastric cancer, and showed that splenectomy had no influence on survival, but that postoperative complications occurred more frequently in patients with splenectomy than in those without splenectomy (45% vs 21%). Kwon et al. [71] reviewed 492 patients who underwent curative total gastrectomy, but could not find any beneficial effects of splenectomy. Griffith et al. [72] demonstrated that morbidity and mortality rates after gastrectomy with splenectomy were higher than those after gastrectomy without splenectomy (41% vs 14%; 12% vs 3%), and they found that splenectomy was a predictor of poor survival in a multivariate analysis (hazard ratio, 1.5). Wanebo et al. [73] found a reduced 5-year survival rate for the splenectomy group in stage II (25% vs 38%) and stage III (14% vs 18%).
Recent Japanese studies have indicated that combined resection of the spleen increased the frequency of abdominal abscess, but did not improve the survival [69, [74] [75] [76] (Table 2 ). Okajima and Isozaki [77] reviewed the Japanese experience, and recommended that the spleen should be preserved in patients with stage I, II, and III gastric cancer with curative operation. Thus, the results suggest that splenectomy increases operative morbidity but does not increase survival rate. However, all these studies were based on retrospective analyses, and the operative procedures were associated with the stage of tumors: the more advanced the tumor was, the more often the spleen was removed. This selection bias may have exaggerated the operative disadvantage of the splenectomy and obscured the survival benefit of the splenectomy.
In the Japanese classification of gastric carcinoma, defined by the Japanese Gastric Cancer Association [78] , lymph nodes at the splenic hilum (no. 10) are included in the group 2 nodes when the tumor is located in the upper stomach, and splenectomy is necessary for a standard D2 gastrectomy. Furthermore, a small but definite group of patients with involved lymph nodes at the splenic hilum survive owing to the splenectomy. Therefore, effect of splenectomy in the treatment of gastric cancer must be confirmed by a randomized controlled trial comparing gastrectomy with splenectomy and that without splenectomy. 
Prognostic factors
Siewert and colleagues (Roder et al. [79] and Siewert et al. [80] ) reviewed the 10-year results of 1654 patients enrolled in the German Gastric Cancer Study and showed that relevant prognostic factors after curative gastrectomy were lymph node status, depth of invasion, postoperative complications, distant metastases, and tumor diameter. Maruyama [81] examined 4734 patients treated at the National Cancer Center in Japan and indicated that the most important prognostic factors for gastric cancer patients were depth of invasion (relative risk, 4.69), lymph node metastasis (4.04), gross type (1.76), location (1.50), and histologic type (1.16). Kim et al. [82] analyzed 10 783 patients who underwent operation at the Seoul National University Hospital, and demonstrated that independent prognostic factors in gastric cancer were curability (relative risk, 3.67), depth of invasion (2.18), and lymph node metastasis (2.06). Thus, the studies are unanimous in terms of the prognostic importance of the depth of invasion and status of lymph node metastasis [23, 83, 84] . Recently, the detection of proximal gastric cancer has been increasing. Some authors show that proximal gastric cancer is more frequently associated with advanced stage and poor prognosis than distal gastric cancer [85, 86] , whereas others show that survival rate after resection is not different between patients with proximal gastric cancer and those with distal gastric cancer [87] . When tumors are compared among the proximal, middle, and distal one-third of the stomach, the 5-year survival rate for proximal tumors is inferior to that for middle or distal tumors, because of esophageal invasion [88] . Siewert et al. [89] investigated the surgical results of 1002 patients with adenocarcinoma of the esophagogastric junction, and showed that the 10-year survival rate was lowest in those with subcardial gastric cancer invading the esophagus. Thus, although two major factors that predict survival after gastrectomy for cancer are the depth of invasion and the status of lymph node metastasis, the proximal location of the tumor is another important prognostic indicator for gastric cancer.
New therapeutic trends
Endoscopic mucosal resection (EMR) is a useful technique for the treatment of early gastric cancer. At the National Cancer Center Hospital in Japan, the technique has been employed in patients with mucosal gastric cancer measuring less than 3 cm, grossly elevated or depressed type without ulceration, and histologically well or moderately differentiated type [90] . When the resected specimen showed submucosal invasion, vessel involvement, or incomplete resection, additional surgical intervention was recommended. Of 479 tumors in 445 patients, 405 were histologically limited to the mucosa and 74 had invaded the submucosa; and 33 patients with mucosal cancer and 44 with submucosal cancer subsequently underwent operation. Twenty-one of 25 patients who experienced perforation associated with EMR were successfully treated with endoscopic clipping, and there were no deaths due to gastric cancer during a median follow-up period of 38 months.
Laparoscopic surgery is another approach for the treatment of early gastric cancer [91] [92] [93] [94] [95] [96] . Ohgami et al. [91] first developed laparoscopic wedge resection of the stomach, using a lesion-lifting method. This technique is useful not only for mucosal gastric cancer but also for stromal tumors, which rarely metastasize to the lymph nodes [92] . Kitano et al. [93] and Nagai et al. [94] independently developed laparoscopy-assisted distal gastrectomy for the cure of early gastric cancer. The procedure consists of: (1) ligation of gastric vessels and mobilization of the stomach under pneumoperitoneum, and (2) resection of the distal two-thirds of the stomach, with a hand-sewn gastroduodenal anastomosis through a 5-cm-long minilaparotomy incision. When compared with conventional open gastrectomy, laparoscopyassisted gastrectomy has several clinical advantages [97] , including less pain, less inflammatory response, rapid return of gut function, shorter hospital stay, less impaired nutrition, and better quality of life [98] [99] [100] . Uyama et al. [101, 102] demonstrated that total gastrectomy with distal pancreatosplenectomy and D2 lymphadenectomy was technically feasible for patients with advanced gastric cancer. Thus, EMR and laparoscopic gastrectomy is safe and useful when the procedure is employed for small early gastric cancers and performed by skilled endoscopists or surgeons [103, 104] . However, the long-term results of these less invasive treatments are not known, and the employment of a laparoscopic technique in advanced gastric cancer should be limited to controlled clinical trials in specialized centers.
For patients with unresectable gastric cancer, palliative operations have been employed to control clinical symptoms. Devine exclusion with gastrojejunostomy is safe and effective in relieving gastric outlet obstruction, and provides a longer survival period [105, 106] . Kaminishi et al. [107] developed stomach-partitioning gastrojejunostomy for patients with unresectable gastric cancer, and showed that the procedure achieved an improved quality of life and a longer survival time compared with conventional gastrojejunostomy. Thus, palliative operation can enhance the quality of life in patients with advanced gastric cancer.
Conclusion
In many countries, the increased detection of early gastric cancer, advanced operative procedures, and careful postoperative management have improved the surgical results of gastric cancer over the years. Although randomized controlled trials in Europe showed no survival benefit of D2 resection over D1 resection, the results must be interpreted with caution and cannot be extrapolated to Japanese patients, because the morbidity and mortality after D2 gastrectomy in Japan are much less than those after D1 gastrectomy in Europe. Recently, less invasive treatments, including endoscopic mucosal resection and laparoscopic gastrectomy, have become feasible for early gastric cancer, but their risks and benefits compared with traditional gastrectomy are unclear.
